Functional magnetic resonance imaging has been widely used to investigate the effects of acupuncture on neural activity. However, most functional magnetic resonance imaging studies have focused on acute changes in brain activation induced by acupuncture. Thus, the time course of the therapeutic effects of acupuncture remains unclear. In this study, 32 patients with amnestic mild cognitive impairment were randomly divided into two groups, where they received either Tiaoshen Yizhi acupuncture or sham acupoint acupuncture. The needles were either twirled at Tiaoshen Yizhi acupoints, including Sishencong (EX-HN1), Yintang (EX-HN3), Neiguan (PC6), Taixi (KI3), Fenglong (ST40), and Taichong (LR3), or at related sham acupoints at a depth of approximately 15 mm, an angle of ± 60°, and a rate of approximately 120 times per minute. Acupuncture was conducted for 4 consecutive weeks, five times per week, on weekdays. Resting-state functional magnetic resonance imaging indicated that connections between cognition-related regions such as the insula, dorsolateral prefrontal cortex, hippocampus, thalamus, inferior parietal lobule, and anterior cingulate cortex increased after acupuncture at Tiaoshen Yizhi acupoints. The insula, dorsolateral prefrontal cortex, and hippocampus acted as central brain hubs. Patients in the Tiaoshen Yizhi group exhibited improved cognitive performance after acupuncture. In the sham acupoint acupuncture group, connections between brain regions were dispersed, and we found no differences in cognitive function following the treatment. These results indicate that acupuncture at Tiaoshen Yizhi acupoints can regulate brain networks by increasing connectivity between cognition-related regions, thereby improving cognitive function in patients with mild cognitive impairment. Tan et al. / Neural Regeneration Research. 2017;12(2):250-258. 
Introduction
Mild cognitive impairment (MCI) has received increasing attention in the field of cognitive neuroscience. MCI is thought to correspond to an intermediate state between normal aging and Alzheimer's disease (AD), which is the most common form of dementia globally (Petersen et al., 1999; Farlow, 2009) . Research has shown that the incidence of dementia increases greatly with age . Although dementia is a leading cause of death in the United States, it is under-recognized as a terminal illness. The median survival value has been reported as 478 days, with a 24.7% probability of death within 6 months (Hsu and Kao, 2010) . Multivariable analyses have shown that dementia and cognitive impairment are very strongly and independently associated with other chronic health disorders (Sousa et al., 2009 ). Therefore, it may be advantageous to focus on preventing the progression of MCI rather than concentrating on AD. However, no pharmaceutical treatments have been found to delay the long-term progression of MCI and conversion to dementia (Farlow, 2009; Sabat, 2009 ). An increasing number of clinical reports have indicated that acupuncture, a therapy with minimal side effects compared with drug therapy, has promise in treating individuals with MCI (Jiang et al., 2012; Chen et al., 2014; Zhang et al., 2015) . However, the mechanisms underlying the effects of acupuncture in terms of brain networks involving MCI are still unclear Li et al., 2014) . Recently, functional magnetic resonance imaging (fMRI) has become available for the immediate, dynamic, and non-invasive investigation of the effects of acupuncture on MCI. At present, fMRI has become a primary technique for exploring the underlying mechanisms of acupuncture .
Previous fMRI studies that reported no effects of acupuncture treatment generally used a block-design fMRI paradigm with ''on-off '' specifications (Hui et al., 2000 (Hui et al., , 2005 Fang et al., 2009; Kong et al., 2009 ). However, abundant clinical reports and traditional Chinese medicine theory suggest that the effects of acupuncture have time-varying characteristics, i.e., the effects may last for a long time period, even after the acupuncture needles are removed (Bai et al., 2009b (Bai et al., , c, 2010 Fang et al., 2009) . Several recent studies have addressed the sustained effects of acupuncture, specifically post-acupuncture resting-state networks, using functional connectivity analysis, which is a type of undirected graphical analysis of temporal correlations between different brain regions (Zhong et al., 2012) . Additionally, a number of neuroimaging studies have indicated that the primary effects of acupuncture are mediated by the central nervous system , and that acupuncture can activate certain cognition-related brain regions in AD and MCI patients. Other studies have demonstrated the specificity of acupuncture using different perspectives. For example, Chen et al. (2008) compared verum acupuncture with sham acupuncture at the Shenmen (HT7) acupoint and found that true acupuncture elicited significant activation in cognition-related brain regions. This suggests that acupuncture can activate resting brain networks, which include anti-nociceptive, memory, and affective brain regions. However, most of the participants involved in the above-mentioned studies were healthy. According to traditional Chinese medicine theory, the effects of acupoint acupuncture are more easily observed in people who are ill or suffering . Thus, it may be more effective to explore the effects of acupuncture on brain function in a patient sample. In addition, most fMRI studies compared brain activity patterns induced by the acute effects of acupuncture at acupoint vs. non-acupoint positions, or between different acupoints (Jiao et al., 2011) . Similarly, some previous studies examined activation in various brain areas without examining connectivity . Recently, it has been possible to examine the modulation of brain networks by acupuncture using resting-state fMRI .
Acupuncture has been found to activate cognition-related brain regions, but previous studies have not explored other forms of modulation. Based on the cognitive brain network, we hypothesize that acupuncture can improve cognitive function by regulating the connectivity between cognition-related regions. In this study, we sought to examine acupuncture-related changes in brain network connectivity and cognitive function, as well as the relationship between these two variables.
Participants and Methods

Participants
We assessed cognitive function in a group of community-dwelling individuals aged 55-70 years. Patients with MCI were selected according to the results of a cognitive assessment. Eligible participants were selected according to inclusion and exclusion criteria. A total of 32 participants (16 males and 16 females, aged 55-70 years old) were enrolled in the study.
The study inclusion criteria were: (1) adherence to the diagnostic criteria for MCI (Petersen, 2004) ; (2) 55-70 years of age; (3) an education level greater than middle school; (4) mentally and physically healthy; (5) a body mass index of 20-24; (6) right-handed; and (7) provided informed consent.
The criteria for amnestic MCI were: (1) complaints of memory impairment from patient or family members; (2) memory assessment scores (Petersen, 2004) 1.5 standard deviations lower than those obtained by age-and education-matched normal controls; (3) grade 2-3 on the Global Deterioration Scale (Petersen, 2004) or a Clinical Dementia Rating score (Petersen, 2004) of 0.5; (4) normal general cognitive function; (5) normal activities of daily living; (6) no impaired brain function caused by mental or physical diseases.
The study exclusion criteria were: (1) severe visual or hearing disorders, or aphasia; (2) presence of metal within the body, i.e., from surgery or tattoos; (3) unable to undergo magnetic resonance imaging (MRI) due to fear or other factors; (4) a disease focus or suspected focus in the brain; (5) suspected pathology based on blood examination or electrocardiogram; (6) a history of mental disease or epilepsy; (7) a history of alcohol or drug abuse; (8) pre-menopausal women.
Patients were randomly divided into two groups, namely a Tiaoshen Yizhi acupuncture group (n = 16) and a sham acupoint acupuncture group (n = 16). Demographic information did not significantly differ between the two groups (P > 0.05; Table 1 ). All protocols were approved by a local subcommittee for human studies in Shenzhen Baoan Hospital, Southern Medical University, China, and were conducted in accordance with the Declaration of Helsinki. Figure 1 shows a flow chart of the study procedure.
Cognitive assessment
We assessed cognition in each subject before and after 4 weeks of acupuncture. We assessed cognition using the Montreal Cognitive Assessment (MoCA), digit-symbol substitution test, digit-span test, and the Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) . We conducted each test individually in the order listed above. During the assessments, we took measures to ensure that no distractions would occur, and assessments were completed by the same researcher (who had experience with the scale).
Acupuncture
We used the following acupoints in the Tiaoshen Yizhi acupuncture group: Sishencong (EX-HN1), Yintang (EX-HN3), Neiguan (PC6), Taixi (KI3), Fenglong (ST40), and Taichong (LR3) (Figure 2A) . Each needle was inserted at a depth of approximately 15 mm. During stimulation, each needle (Hwato silver needle with a diameter of 0.35 mm and length of 25 mm, Suzhou Medical Appliance Factory, China) was manually twirled at an angle of ± 60° and a rate of approximately 120 times per minute. For the sham acupoint acupuncture group, we used non-acupoints located beside the real acupoints used for the Tiaoshen Yizhi acupoint acupuncture group ( Figure 2B) . Acupuncture was conducted five times a week, on weekdays, for 4 consecutive weeks. A single acupuncturist, who had more than 10 years of professional experience, administered the acupuncture.
fMRI design
For each subject, we collected a MRI scan before and after the 4-week acupuncture program. All scans were performed using a 3.0T MRI scanner (Siemens, Shenzhen, China). Brain and resting-state functional imaging commenced after head fixation. Precisely, axial anatomic imaging was performed using a gradient-echo echo planar imaging sequence. Data were collected at the level parallel to a line drawn between the anterior and posterior commissure, and for the area covering the entire brain. The parameters were as follows: repetition time = 2 seconds, echo time = 30 ms, field of view = 22 mm × 22 cm, flip angle = 77°, matrix = 64 × 64, slice thickness = 4 mm, slice interval = 1 mm, for a total of 30 slices. For anatomic imaging, we used a T1-weighted gradient-echo sequence. Functional images were obtained at the same orientation as the anatomic images. The parameters were as follows: repetition time = 2.1 seconds, echo time = 4.6 ms, matrix = 256 × 256, field of view = 230 mm × 230 cm, flip angle = 8°, slice thickness = 1 mm. All participants were asked to remain relaxed and still without engaging in any mental tasks. According to the participant reactions after scanning, they had remained immobile and awake during the process.
fMRI data analysis
Preprocessing was performed using Statistical Parametric Mapping software (SPM8, http://www.fil.ion.ucl.ac.uk/ spm/). Initially, the first five time points were discarded due to the potential instability of the initial MRI signal . The image data underwent slice-timing correction and realignment for head motions using leastsquares minimization. None of the participants made any head movements exceeding 1 mm on any axis or head rotations greater than one degree. A mean image created from the realigned volumes was co-registered with each subject's individual structural T1-weighted volume image (Feng et al., 2011) . The images were normalized to the standard echo planar imaging template and re-sampled to a voxel size of 2 mm × 2 mm × 2 mm (Demirci et al., 2009 ). Subsequently, these data were filtered using a bandpass filter (0.01-0.08 Hz) to reduce the effect of low-frequency drift and high-frequency noise (Greicius et al., 2003; Jiao et al., 2011) . Finally, the images were smoothed spatially using a 6 mm full-width-at-half maximum isotropic Gaussian kernel.
Each region of interest (ROI) was correlated to every other ROI to obtain a 39 × 39 matrix of correlation coefficients, and the mean functional connectivity matrix (FC matrix) was computed by averaging all the correlation matrices. We then created an unweighted binary graph in which the nodes were connected if the correlation coefficients exceeded the threshold (Fisher's r-to-z transformation was applied). For direct analysis of the brain network, single nodes were deleted according to the artificial settings. To characterize the interregional relationships between our defined ROIs, we used graph theory to define a graph as a set of nodes and edges (Dosenbach et al., 2007) . We used the correlation method of estimation described by Salvador et al. (2005) to calculate the interregional partial correlations and test for non-zero partial correlations to construct the brain networks. Given a set of random variables, the partial correlation matrix is a symmetric matrix in which each off-diagonal element is the correlation coefficient between a pair of variables after partialling out (conditioning under normality) the contributions to the pairwise correlation of all other variables included in the dataset. To estimate the partial correlation matrix, we used a method that includes a fairly general assumption that the observations have multivariate normality. However, our data included a series of time points and therefore we needed to assume jointly Gaussian stationary multivariate stochastic processes. The partial correlation matrices individually obtained from each participant were averaged to estimate the group mean interregional functional connectivity matrix. 
Statistical analysis
Measurement data are expressed as the mean ± SD. SPSS 22.0 software (IBM, Armonk, NY, USA)was used for clinical data analysis. We used the chi-square test, two-sample t-test, and Mann-Whitney U test for comparisons between groups. The paired-sample t-test and Wilcoxon signed rank test were used for within-group comparisons. P < 0.05 was considered statistically significant.
Results
Effects of acupuncture on cognitive assessment in MCI patients
Prior to acupuncture, scores on the Mini-Mental State Examination (MMSE), MoCA, digit-symbol task, digit-span task, and ADAS-Cog did not significantly differ between the two groups (P > 0.05). After 4 weeks of acupuncture, scores increased on all scales in the Tiaoshen Yizhi acupuncture group, and improvement in the ADAS-Cog was reflected in the word recall task (P < 0.05, vs. before treatment). In the sham acupoint acupuncture group, the scores did not significantly differ before vs. after acupuncture (P > 0.05). After treatment, the scores obtained by the two groups were significantly different (P < 0.05; Table 2 ).
Resting brain networks following acupuncture
Following Tiaoshen Yizhi acupuncture in MCI patients, the brain network graph showed that the insula, dorsolateral prefrontal cortex, and hippocampus acted as central hubs. The insula received causal inflows from most nodes in the brain network, including the thalamus, hippocampus, anterior cingulate cortex, and primary somatosensory cortex. The hippocampus received causal inflows from the dorsolateral prefrontal cortex, anterior cingulate cortex, and medial prefrontal cortex. The dorsolateral prefrontal cortex received causal inflows from the orbitofrontal cortex, anterior cingulate cortex, and primary motor cortex. Additionally, the inferior parietal lobule received causal inflows from the dorsolateral prefrontal cortex and culmen. The precuneus received causal inflows from the fusiform gyrus, the thalamus received causal inflows from the caudate, the supplementary motor area received causal inflows from the insula, and the somatosensory cortex received causal inflows from the middle temporal gyrus ( Figure 3A) .
Following sham acupuncture, the inferior parietal lobule, dorsolateral prefrontal cortex, and middle temporal gyrus acted as central hubs. The inferior parietal lobule received causal inflows from the orbitofrontal cortex, the middle cingulate cortex, and the fusiform gyrus. The dorsolateral prefrontal cortex received causal inflows from the thalamus and orbitofrontal cortex. The middle temporal gyrus received causal inflows from the insula and hypothalamus. The precuneus received causal inflows from fusiform gyrus, the medial prefrontal cortex received causal inflows from thalamus, and the insula received causal inflows from caudate. Moreover, several areas, such as the primary motor cortex and somatosensory cortex, had no connections with other regions (Figure 3B ).
Discussion
AD, as a progressive neural degenerative disease, is irreversible and can lead to disability in elderly people (Triaca and Calissano, 2016; Shimada et al., 2016) . MCI is the preclinical state of AD, and patients with MCI are at higher risk of developing AD compared with those without MCI (Lauterbach, 2016). Thus, early interventions for MCI are vitally important. However, no drugs have been found to reliably delay the progression of AD or MCI for long periods of time (Farlow, 2009; Petersen et al., 2014) . In the past decades, traditional Chinese medicine has become increasingly prevalent in the treatment of MCI. The Tiaoshen Yizhi method of acupuncture, which acts on body meridians, has been frequently adopted because it has few side effects compared with pharmaceutical medicine, and is thought to be effective. Data are expressed as the mean ± SD. MMSE, word recall, digit symbol, digit-span (forward), and digit-span (backward) data were analyzed using the Wilcoxon signed rank test before and after acupuncture. MoCA and ADAS-Cog data were analyzed using a paired-sample t-test before and after acupuncture. MMSE, word recall, digit-span (forward), and digit-span (backward) performance was compared between the two groups using the Mann-Whitney U test. MoCA, ADAS-Cog, and digit symbol data were analyzed using the two-sample t-test. *P < 0.05, **P < 0. Previous research has shown that acupuncture at a single cognition-related acupoint can induce activation in cognitive brain regions (Zhou et al., 2013; Leung et al., 2015) . Therefore, Tiaoshen Yizhi acupoints should have an impact on cognitive impairment. fMRI studies of MCI have shown that brain networks may be injured even when there are no pathologic changes in the brain structures of MCI patients. The human brain can be thought of as a "small world" network with high differentiation, high integration, high convergence, and short path lengths, which can form an optimally connected structure to enable high-efficiency information transmission, such as that involved in the connectivity between brain regions (Salvador et al., 2005; Wang et al., 2013) . The "small world" brain network properties of MCI and AD patients may be seriously damaged (He et al., 2008; Sun et al., 2014) . For instance, MCI patients exhibit reduced connection strength and efficiency of resting-state functional brain networks, as well as the loss of default network integration (Drzezga et al., 2011; Wang et al., 2013) . Indeed, abnormal functional connections have been identified in the brain regions of MCI patients (Delbeuck et al., 2003) , indicating that pathologic changes have occurred in brain networks of these patients. fMRI may enable the prediction of future conversion from MCI to AD (Nakata et al., 2008) . Therefore, studying changes in brain networks may assist in the early diagnosis and treatment of MCI.
Several fMRI studies that adopted acupuncture in the treatment of cognitive deficits were limited in that they focused on the acute effects of acupuncture, and few studies have assessed the modulation of brain networks by acupuncture. In MCI, several functional regions may be affected, along with abnormal connections between regions, resulting in cognitive impairment. Increasing evidence from structural and functional MRI studies has suggested that AD and MCI may target specific brain networks (deToledo-Morrell et al., 2004) . Brain network connections and nodal attributes are also abnormal in MCI patients (Xiang et al., 2013) . Thus, we used resting-state fMRI to examine changes in brain networks after 4 weeks of acupuncture at Tiaoshen Yizhi acupoints in MCI patients, and to examine the relationship between post-acupuncture changes in brain networks and improved cognitive function. Our brain network graph from resting-state fMRI following Tiaoshen Yizhi acupuncture indicated increased and comprehensive connections between a number of brain regions, mainly the insula, dorsolateral prefrontal cortex, hippocampus, thalamus, inferior parietal lobule, anterior cingulate cortex, and primary somatosensory cortex. The insula had the most connections with other regions in the brain network, including the thalamus, hippocampus, anterior cingulate cortex, and primary somatosensory cortex. A meta-analyses of 1,768 functional neuroimaging experiments revealed four functionally distinct regions in the human insula that map to the cognitive network of the brain: the social-emotional, sensorimotor, and olfactory-gustatory regions (Kurth et al., 2010 ). An abnormal insula functional network is associated with episodic memory decline in amnestic MCI (Xie et al., 2012) . Emotional awareness is engendered in the right anterior insula . One study indicated that decreased connectivity in the dorsolateral prefrontal cortex may be the basis of cognitive impairment in MCI . The dorsolateral prefrontal cortex plays a role in sustaining attention and working memory (Lie et al., 2006; Hare et al., 2009) . Lesions in the dorsolateral prefrontal cortex can lead to impaired short-term memory and difficulty inhibiting behavioral responses (Petrides and Pandya, 1999) . In addition, the dorsolateral prefrontal cortex has recently been implicated in self-control (Hare et al., 2009 ). Inhibition of the right dorsolateral prefrontal cortex could modulate excitability in a bilateral network of brain regions, thus restoring an adaptive equilibrium in MCI patients (Turriziani et al., 2012) . One study showed abnormalities in hippocampal connectivity in MCI patients (Bai et al., 2009a (Bai et al., , 2010 Xie et al., 2013) . Functional results indicated that cortical activation was reduced in the default-mode network for MCI patients, compared with age-and education-matched healthy elderly controls (De Vogelaere et al., 2012) . The hippocampus plays a key role in a distributed network supporting memory encoding, episodic memory, and retrieval, and it is the first cognition-related region that exhibits pathologic changes (Moser and Moser, 1998) . The anterior cingulate cortex is part of the cerebral limbic system, which plays an important role in conflict monitoring, intensive learning, and error detection (Stevens et al., 2011) . The anterior cingulate cortex is also associated with attention and executive function (Lie et al., 2006) . The thalamus is functionally connected to the hippocampus, as part of the extended hippocampal system (Stein et al., 2000) . The specialization of cortical areas in the mesio-temporal lobe, i.e., involvement in recollection and familiarity processes, may also extend to discrete regions of the thalamus (Carlesimo et al., 2011) . MCI patients exhibit decreased functional connectivity between the left thalamus and a set of regions, but increased connectivity between the left and right thalamus . AD patients exhibit a reduced connection between the thalamus and the brain default-mode network. Further, the connection strength appears to correspond to MMSE scores, as well as immediate and delay word recall.
The connections between brain regions in the sham acupoint acupuncture group were remarkably different from those in the Tiaoshen Yizhi acupuncture group. Moreover, connections were significantly noncohesive. They were dispersive and did not centralize in the cognitive-related regions. The dorsolateral prefrontal cortex, inferior parietal lobule, and middle temporal gyrus had more connections with other regions than with one another. The brain networks revealed via resting-state fMRI in the two groups illustrated that Tiaoshen Yizhi acupuncture elicited more brain connections compared with sham acupuncture. Moreover, in the Tiaoshen Yizhi acupuncture group, the brain connections linked regions correlated more strongly with cognition, while those in the sham acupuncture group were more widely dispersed. Therefore, our results indicate that increased connections between cognition-related brain regions following Tiaoshen Yizhi acupuncture may correspond to the therapeutic effects of acupuncture for treatment of MCI. Acupuncture has shown promise for treating chronic pain and other disorders by mobilizing the neurophysiological system to modulate multisystem functions (Bai et al., 2009b) . Our findings coincide with this concept.
Previous cognition-related studies of acupuncture have mainly documented the activation of specific cognitive regions. Nevertheless, interaction between brain regions is vital for general cognitive function. Increased connectivity between cognitive regions can strengthen such interactions.
Our clinical cognitive assessment showed that, in the Tiaoshen Yizhi acupuncture group, MMSE, MoCA, digit-symbol, digit-span, ADA-Cog, and word recall performance all increased remarkably, while scores did not increase in the sham acupoint acupuncture group. MMSE and MoCA are used to measure cognitive function. The digit-symbol and digit-span tasks mainly reflect attention and working memory. The dorsolateral prefrontal cortex, cingulate cortex, right precuneus, and medial parietal lobule are associated with working memory (Owen et al., 2005) . The frontal lobe and anterior cingulate cortex are related to attention. We found reduced connections between the hippocampus and a number of regions, including the right frontal lobe, bilateral temporal lobe, and bilateral insula. Impaired hippocampal connectivity is associated with cognitive decline . Activity in the caudate was positively correlated with MoCA scores. As mentioned, acupuncture at Tiaoshen Yizhi acupoints led to increased connections between the hippocampus and insula, dorsolateral prefrontal cortex and precuneus, and insula and dorsolateral prefrontal cortex. These last two regions are cognition-related and are connected to additional structures including the anterior cingulate cortex, thalamus, and inferior parietal lobule, among others. Some of the above-mentioned regions associated with executive function and memory exhibited activity that was correlated with cognitive performance. Thus, our cognitive assessment scores and brain network results appear to be highly consistent. As mentioned above, brain network connections were noncohesive after acupuncture at sham acupoints, and we found no increased connections between cognition-related regions. This was consistent with the lack of improvement in cognitive performance. These data indicate that Tiaoshen Yizhi acupuncture could improve cognitive function in MCI patients.
Studies have suggested that acupuncture can have different effects, as revealed via fMRI, under pathological and physiological states . According to traditional Chinese medicine theory, the effects of acupoint acupuncture are best observed in people who are experiencing a pathological imbalance . Indeed, previous studies have shown that acupuncture plays a homeostatic role, and thus, that it may have a greater effect on patients with a pathological imbalance compared with healthy controls (Kaptchuk, 2002; Feng et al., 2012) . In addition, Chen et al. (2014) demonstrated that differential activation resulting from verum or sham acupuncture may be attributed to the more varied and stronger sensations evoked by verum acupuncture. Therefore, acupuncture at verum acupoints may induce more brain network changes, which could improve cognitive function in MCI patients. This could account for the differences in results between acupuncture at Tiaoshen Yizhi acupoints vs. sham acupoints.
Our study had several limitations. We observed differences in cognitive function and brain networks between the two groups after 4 weeks of acupuncture. However, with a longer duration of therapy and a longer follow-up period, it would have been possible to observe the persistence of the effect. This may be a topic for future research. Besides, as some participants dropped out in the research, the sample size was not large enough. This may lead to result bias for the results. In future studies, we will enlarge sample size.
Conclusions
Resting-state fMRI and cognitive assessments indicated the efficacy of acupuncture at Tiaoshen Yizhi acupoints in MCI patients. Changes in brain networks manifested as an increase in connectivity between multiple brain regions. This confirms our hypothesis that acupuncture can improve cognitive function by regulating the connectivities between cognition-related regions, and provides a new direction for cognitive research.
Acupuncture appears to have a modulatory effect on brain networks, thus improving cognitive function in MCI patients. As it has minimal side effects, acupuncture should be applied generally in the clinic for treatment of cognitive impairment. 
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